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[57] ABSTRACT 
A data processing apparatus for processing a batch of 
outline data representative of outlines of characters 
each consisting of at least one stroke, each outline con 
sisting of two or more straight and/ or curved segments, 
the apparatus including an outline data memory, storing 
the outline data. Each segment of the character outline 
is represented by coordinate data sets representative of 
coordinate values de?ning the segment, and attribute 
?ag data indicative of whether the segment is a straight 
line or a curved line. The outline data memory includes 
a ?rst storage area storing a plurality of groups of coor 
dinate data sets for respective different outlines (such as 
regular and boldface outlines) of each character which 
de?ne respective different stroke widths of the charac 
ter, and a second storage area storing a common groups 
of attribute ?ags which is commonly used for the plural 
ity of groups of coordinate data sets. 

12 Claims, 10 Drawing Sheets 
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CHARACTER OUTLINE PROCESSOR USING 
RELATIVELY SMALL MEMORY STORING 

COORDINATE DATA GROUPS FOR DIFFERENT 
OUTLINES OF SAME CHARACTER, AND 
COMMON ATI'RIBUTE FLAG DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ' 
The present invention relates generally to a data pro 

cessing apparatus which forms a part of a controller of 
an output device such as a laser printer, for processing 
outline data representative of character outlines, and 
more particularly to such a data processing apparatus 
which is capable of processing or providing two or 
more groups of outline data representative of respective 
different outlines having different stroke widths for 
each character. 

2. Discussion of the Prior Art 
A character such as a letter or symbol to be displayed 

or printed is represented by a group of outline data 
representative of the outline of the character. The char 
acter consists of at least one stroke, and the outline of 
the character consists of a plurality of segments such as 
straight lines and curved lines, which are connected to 
each other so as to form a closed loop or loops. Each 
group of outline data includes coordinate data sets rep 
resentative of coordinate values of the points which 
de?ne each segment of the outline, and attribute flags 
each indicative of the type of teach segment of the 
outline, e.g., straight or curved line. The same character 
may have different outlines, for example, a regular out 
line having a regular stroke width, and a boldface out 
line whose stroke width is larger than the regular stroke 
width. In this case, two outline data groups each con 
sisting of the coordinate data sets and the attribute flags 
are required for the two different outlines. FIG. 10 
shows a group of outline data sets for the regular outline 
of the character “D”, and another group of outline data 
sets for boldface outline of the same character. In each 
group of outline data sets, each attribute ?ag (S, B, L) 
indicative of a straight or curved line is followed by one 
or more pairs of x-axis and y-axis coordinate values. As 
indicated in FIGS. 3A and 3B, the outline of the charac 
ter “D” consists of an outer closed loop and an inner 
closed loop, which de?ne the stroke width of the char 
acter to be displayed, printed or otherwise outputted. 
For each of the regular and boldface outlines, the inner 
loop is represented by the upper row of data while the 
outer loop is represented by the lower row of data, as 
seen in FIG. 10. 

Thus, coordinate data sets representative of straight 
and/or curved segments of each closed loop and attri 
bute ?ags indicative of the type of each segment are 
required for each of different outlines of each character 
which have different stroke widths. Usually, a batch of 
outline data for a large number of characters is stored in 
a read-only memory. 
When a character is printed, for instance, the corre 

sponding outline data is ?rst processed as indicated in 
the ?ow chart of FIG. 11, by way of example. Initially, 
a character code representative of the character to be 
printed is read in step S11. Step s11 is followed by step 
S12 in which a data pointer is set at the ?rst outline data 
set, namely, the ?rst attribute ?ag (start point ?ag) for 
the character designated by the character code. Then, 
step S13 is executed to read the ?rst attribute flag, store 
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2 
it in a random-access memory, and then advance the 
data pointer one step. 
The control flow then goes to step S14 to determine 

whether or not the attribute ?ag currently stored in the 
random-access memory is a loop end ?ag “*” indicative 
of the end of a closed loop of the character outline, 
namely, the end of the outline data for that closed loop. 
If the attribute flag is the loop end ?ag “*”, the control 
flow returns to step $13 to read the ?rst attribute ?ag 
for the next closed loop of the character outline. If the 
attribute flag is not the loop end ?ag “""’, step S14 is 
followed by step S15 to determine whether or not the 
current attribute flag is an outline end ?ag “l” indicative 
of the end of the character outline, namely, the end of 
the outline data for the character. If an affirmative deci 
sion (YES) is obtained in step S15, the routine of FIG. 
8 is terminated. If a negative decision (NO) is obtained 
in step S15, that is, if the attribute flag read in step S13 
is neither the loop end flag “"” nor the outline end flag 
“l”, then the control flow goes to step S16. In step S16, 
coordinate data following the current attribute ?ag is 
read and processed for required converting operations, 
which include, for example, the conversion of the coor 
dinate data of curved lines into short-vector data, and 
the conversion of the coordinate data depending upon 
the selected size and attitude of the character. Then, the 
data pointer is advanced to read the next attribute flag 
in step S13 which follows step S16. The data obtained in 
step S16 is stored in the random-access memory. Steps 
$13-$16 are repeatedly executed until the affirmative 
decision (YES) is obtained in step S15, namely, until the 
outline end ?ag “l” is read in step $13. The data ob 
tained in step S16 and stored in the random-access mem 
ory is subsequently converted into dot data representa 
tive of image dots which collectively define the outline 
of the character. The dot data is supplied to a printing 
device so that the relevant character is printed accord 
ing to the dot data. 

In the known data processing apparatus, however, 
the attribute ?ags are required for each of two or more 
groups of coordinate data sets for respective different 
outlines of the same character. Further, a group of coor 
dinate data sets is required for each of different outlines 
which de?ne respective different stroke widths for each 
character. Accordingly, the outline data memory in the 
form of a read-only memory should have a considerably 
large data storage capacity. The required storage capac 
ity is particularly large, when the characters available 
include Chinese characters, whose outlines generally 
consist of many segments including those for serifs at 
the ends of strokes of the characters. The number of 
coordinate values representative of the outline segments 
and the number of the corresponding attribute flags 
increase with the number of the outline segments. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a data processing apparatus which is capable of 
processing or providing two or more groups of outline 
data sets representative of respective different outlines 
having different stroke widths for each character, and 
which apparatus uses an outline data memory having a 
relatively small data storage capacity. 
The above object may be achieved according to a 

?rst aspect of the present invention, which provides a 
data processing apparatus for processing a batch of 
outline data representative of outlines of a plurality of 
characters each consisting of at least one stroke, each of 
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the outlines consisting of a plurality of segments which 
consist of at least one straight line and/or at least one 
curved line, the apparatus including outline data mem 
ory means for storing the batch of outline data, each of 
the segments being represented by coordinate data sets 
representative of coordinate values which de?ne each 
segment, and attribute ?ags indicative of whether each 
segment is a straight line or a curved line, wherein the 
outline data memory means includes a ?rst storage area 
storing a plurality of groups of coordinate data sets for 
respective different outlines of each character which 
de?ne respective different stroke widths of each charac 
ter, and a second storage area storing a common group 
of attribute ?ags common to the plurality of groups of 
coordinate data sets. 

In the data processing apparatus of the present inven 
tion constructed as described above, the groups of coor 
dinate data sets for respective different outlines of each 
character having different stroke widths are stored in 
the first storage area of the outline data memory means. 
For each character, a common group of attribute ?ags 
is stored in the second data storage area of the outline 
data memory means. The attribute ?ags are used com 
monly for two or more groups of coordinate data sets 
for different character outlines, when these groups of 
coordinate data sets are read out from the ?rst data 
storage area, for necessary processing, for example, for 
conversion into the corresponding groups of dot data 
used for printing or displaying upon entering of a code 
representative of a speci?c character, together with 
stroke width data representative of the stroke width of 
that character. 
For instance, the common group of attribute ?ags is 

commonly used such that an attribute ?ag pointer for 
specifying an address in the second data storage area 
and a coordinate pointer for specifying an address in the 
?rst data storage area are suitably controlled in timed 
relation with each other, depending upon the character 
designated by the received character code and the 
stroke width designated by the received stroke width 
data. . 

It will be understood that the required storage capac 
ity of the outline data memory means can be made 
smaller that that of the known counterpart apparatus, 
since only one group of attribute ?ags is used for two or 
more groups of coordinate data sets for respective dif 
ferent outlines of the same character. 
The above object may also be achieved according to 

a second aspect of this invention, which provides a data 
processing apparatus for processing a batch of outline 
data representative of outlines of a plurality of charac 
ters each consisting of at least one stroke, each of the 
outlines consisting of a plurality of segments which 
consist of at least one straight line and/or at least one 
curved line, each of the segments being represented by 
coordinate date sets representative of coordinate values 
which de?ne each the segment, and attribute ?ags in 
dicative of whether each the segment is a straight line or 
a curved line, the apparatus comprising: (a) outline data 
memory means storing the batch of outline data, the 
outline data memory means including a ?rst storage 
area storing a plurality of groups of standard coordinate 
data sets for respective standard outlines of each char 
acter which de?ne respective different standard stroke 
widths, and a second storage area storing a common 
group of attribute ?ags common to the plurality of 
groups of coordinate data sets; (b) special stroke width 
designating means for designating a desired stroke 
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width of each character; and (c) coordinate data prepar 
ing means for obtaining, from the plurality of groups of 
standard coordinate data sets, a group of special coordi 
nate data sets representative of an outline of each char 
acter having the desired stroke width designated by the 
special stroke width designating means, the outline data 
memory means further including a third data storage 
area for storing the group of special coordinate data 
sets, in relation to the common group of attribute ?ags 
stored in the second data storage area. 

This data processing apparatus according to the sec 
ond aspect of the invention has the same advantage as 
described above with respect the apparatus according 
to the ?rst aspect of the invention, since the attribute 
?ags are used commonly for two or more groups of 
coordinate data sets for respective different standard ‘ 
outlines of each character. 

Further, the instant data processing apparatus having 
the coordinate data preparing means is capable of pre 
paring a group of coordinate data sets for a character 
outline having the desired stroke width other than the 
standard stroke widths of the standard outlines. Ac 
cordingly, the coordinate data sets for a character out 
line having any desired special stroke width can be 
prepared from the coordinate data sets for the standard 
outlines and attribute ?ags for the same character. The 
coordinate data memory means does not have to store 
coordinate data sets for character outlines having such 
special stroke widths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will be better understood by 
reading the following detailed description of a presently 
preferred embodiment of the invention, when consid 
ered in connection with the accompanying drawings, in 
which: 
FIG. 1 is a schematic block diagram illustrating a 

control device for a laser printer, which incorporates a 
data processing apparatus constructed according to one 
embodiment of this invention; 
FIG. 2 is a view showing a CHARACTER ROM 

storing a batch of outline data representative of outlines 
of characters; 
FIGS. 3A and 3B are views depicting regular and 

boldface outlines of character “D”; 
FIG. 4A is a view indicating two groups of coordi 

nate data sets for the regular and boldface outlines of 
character "D” of FIGS. 3A and 3B, respectively, which 
are stored in the CHARACTER ROM of FIG. 2; 
FIG. 4B is a view indicating a group of attribute ?ags 

common to the two coordinate data groups of FIG. 4A; 
FIG. 5 is a view showing functional portions of a 

microcomputer of the control device; 
FIG. 6 is a ?ow chart illustrating a data converting 

operation performed by data converting means of the 
control device; 
FIG. 7 is a ?ow chart illustrating a data converting 

sub-routine performed in step S10 of the ?ow chart of 
FIG. 6; 
FIG. 8 is an illustration of regular and boldface out 

lines of character “D” which are superposed on each 

other; 
FIG. 9 is a fragmentary enlarged view illustrating 

parts of the regular and boldface outlines of FIG. 8, and 
the corresponding part of an intermediate outline calcu 
lated from the regular and boldface outlines; 
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FIG. 10 is an illustration indicating two groups of 
outline data for the regular and boldface outlines of 
character “D” of FIGS. 3A and 3B, used in a known 
data processing apparatus; and 
FIG. 11 is a ?ow chart showing a data converting 

operation in the known data processing apparatus of 
FIG. 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring ?rst to FIG. 1, there will be described the 
control device for a laser printer incorporating one 
embodiment of a data processing apparatus of the pres 
ent invention. The laser printer is connected to an input 
device 9 and has a laser-printing device 10 which is 
controlled by the control device whose major portion is 
constituted by a microcomputer 1. The input device 9 
and the laser-printing 10 are connected to the mi 
crocomputer 1 via a bus 8. 
The microcomputer 1 includes a central processing 

unit (CPU) 2, a ?rst read-only memory in the form of a 
CHARACTER ROM 3, a second read-only memory in 
the form of a PROGRAM ROM 4, a TEXT memory 5, 
a random-access memory in the form of a WORKING 
memory 6, and a DOT DATA memory 7. These ele 
ments 2-7 are interconnected with each other through 
the bus 8. 
The input device 9, which may be a keyboard, func 

tions to provide the microcomputer 1 with printing data 
necessary to operate the laser-printing device 10. The 
printing data includes: character codes representative of 
characters to be printed; stroke width data representa 
tive of the width of strokes of the characters; and char 
acter attitude data indicative of the attitude (e.g., stan 
dard upright attitude, and inclined or italic attitude) in 
which the characters are printed. 
The laser-printing device 10 is operated according to 

dot data supplied from the DOT DATA memory 7. For 
example, the dot data represents image dots which lie 
within the outline of each character so as to collectively 
de?ne the character. 
The PROGRAM ROM 4 stores various control pro 

grams such as those for data processing operations ac 
cording to the present embodiment, which will be de 
scribed. 
The TEXT memory 5 is used to store printing data 

such as the character codes, stroke width data, and 
character attitude data, necessary to perform a printing 
operation by the laser-printing device 10. 
The WORKING memory 6 is provided to temporar 

ily store data necessary for the CPU 2 to implement 
logic and arithmetic operations. 
The DOT DATA memory 7 functions to store dot 

data prepared by dot datapreparing means 46 of the 
microcomputer 1, which will be described. 
The CHARACTER ROM 3 stores a batch of outline 

data for regular outlines and boldface outlines of the 
characters available for printing. Each character outline 
consists of at least one closed loop, and each closed loop 
consists of a plurality of segments connected to each 
other. The outline data for each of the regular and bold 
face outlines of each character consists of a group of 
coordinate data sets and a group of attribute ?ags. As 
described below, the coordinate data and the attribute 
?ags are stored in different areas of the ROM 3. Each 
group of coordinate data sets represent pairs of x-axis 
and y-axis coordinate values of the points which de?ne 
a character outline. These points include a start point of 
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6 
a closed loop, an end point of a straight segment 
(straight line) or a curved segment (curved line in the 
form of a Bezier curve), and ?rst and second control 
points for the Bezier curve. 
As indicated in TABLE 1 below, the attribute ?ags 

available consist of: straight segment ?ag “L” indicative 
of a straight line; curved segment ?ag “B” indicative of 
a Bezier curve; start point ?ag “S” indicative of the start 
point of a closed loop; loop end ?ag “"” indicative of 
the end of the closed loop; and outline end ?ag “!” 
indicative of the end of a character outline. 

TABLE 1 
Flag 'ordinate Data De?nition 

S Start point (it, y) Start point of a closed loop 
L End point (x, y) Straight line between the 

precedingpoint (as the start 
point and the speci?ed end 
Point (X. y) 

B First control point Bezier curve between the 
(x1, yl) preceding point (as the start 
Second control point point) and the speci?ed end 
(X2, Y2) point (x3, y3), the curvature 
End point (x3, y3) being determined by the two 

control points (x1, yl) and 
(x2. y2) 

' Non End of a closed loop 
! Non End of a character outline 

Each of the attribute ?ags “S”, “L” and "B” corre 
sponds to at least one pair of x-axis and y-axis coordi 
nate values. The start point of a straight line or a Bezier 
curve is represented by a pair of coordinate values 
which de?ne the preceding point, which is the end 
point of the preceding straight line or Bezier curve, or 
the start point of a closed loop of the character outline. 
The coordinate points of the loop segments are pro 
grammed and stored in the order of connection of the 
segments as seen in the counterclockwise direction for 
the outer loop of the character outline, and in the clock 
wise direction for the inner loop of the outline. 
As indicated in FIG. 2, the CHARACTER ROM 3 

storing the outline data for the regular and boldface 
outlines of each character includes a ?rst data storage 
area in the form of a coordinate data storage area 21, 
and a second data storage area in the form of an attri 
bute ?ag storage area 22. The coordinate data storage 
area 21 consists of a regular outline data region 211 and 
a boldface outline data region 212. The regular outline 
data region 211 stores a group of coordinate data sets 
for the regular outline of each character which has a 
standard stroke width, while the boldface outline data 
region 212 stores a group of coordinate data sets for the 
boldface outline of each character which has a larger 
stroke width than the standard stroke width. The regu 
lar and boldface outlines of character “D” are illus 
trated in FIGS. 3A and 3B, respectively, by way of 
example. The group of coordinate data sets for the 
regular outline of character “D” is indicated at 32 in 
FIG. 4A, while the group of coordinate data sets for the 
boldface outline of the same character is indicated at 33 
in FIG. 4A. ‘ 

Each group of attribute ?ags stored in the attribute 
?ag storage area 22 of the CHARACTER ROM 3 is 
used commonly for the two groups of coordinate data 
sets (32, 33) of the corresponding character. The group 
of attribute ?ags corresponding to the two groups of 
coordinate data sets 32, 33 is indicated at 31 in FIG. 43. 

Referring to FIGS. 3A, 3B, and FIGS. 4A, 4B, the 
attribute flags in relation to the coordinate points of the 
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regular and boldface outlines of character “D” will be 
explained. The outer loop of the regular outline of FIG. 
3A has: start point A(xr0, yr0) indicated by the start 
point ?ag "8”; ?rst and second control points B(xr1, 
yrl) and C(xr2, yr2) of a counterclockwise Bezier curve 
indicated by the Bezier curve ?ag “B”; and end point 
D(xr3, yr3) of this Bezier curve; end point A(xr0, yr0) 
of a straight line indicated by the straight line ?ag "L”. 
The inner loop of the regular outline has: start point 
E(xr4, yr4) indicated by the ?ag "S"; end point F(xr5, ' 
yrS) of a straight line indicated by the ?ag “L”; ?rst and 
second control points G(xr6, yr6) and H(xr7, yr7) of a 
clockwise Bezier curve indicated by the ?ag “B”; end 
point E(xr4, yr4) of this Bezier curve. 

Similarly, the outer loop of the boldface outline of 
FIG. 3B‘has: start point I(xb0, yb0) indicated by the 
start point ?ag “S”; ?rst and second control points 
J(xb1, ybl) and 1((xb2, yb2) of a counterclockwise 
Bezier curve indicated by the Bezier curve ?ag “13"; 
and end point L(xb3, yb3) of this Bezier curve; end 
point I(xb0, yb0) of a straight line indicated by the 
straight line ?ag "L". The inner loop of the boldface 
outline has: start point M(xb4, yb4) indicated by the ?ag 
"8”; end point N(xb5, ybS) of a straight line indicated 
by the ?ag “L”; ?rst and second control points 0(xb6, 
yb6) and P(xb7, yb7) of a clockwise Bezier curve indi 
cated by the ?ag “B”; end point M(xb4, yb4) of this 
Bezier curve. 
The PROGRAM ROM 4 stores the control pro 

grams for performing the data converting routine illus 
trated in the ?ow chart of FIG. 6..As indicated in FIG. 
5, the CPU 2 and the PROGRAM ROM 4 cooperate 
with each other to provide the following functional 
means: data reading means 42; data converting means 
44; dot data preparing means 46 (indicated above); and 
coordinate data preparing means 47. 
The data reading means 42 functions to read out from 

the TEXT memory 6 through the bus 8, various data 
such as data necessary for the data converting means 44 
to perform the data converting routine of FIG. 6, data 
necessary for the dot data preparing means 46 to per 
form an operation for preparing dot data, and data nec 
essary for the coordinate data preparing means 47 to 
perform an operation for preparing coordinate data 
which will be described by reference to FIGS. 8 and 9. 
More speci?cally, the data converting means 44 func 

tions to read out from the attribute ?ag storage area 22 
the attribute ?ags one after another, depending upon the 
character code read by the reading means 42. Further, 
the data converting means 44 reads out the coordinate 
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data sets from the regular outline data region 211 or ‘ 
boldface outline data region 212 of the coordinate data 
storage area 21, depending upon the character code and 
the stroke width data read by the reading means 42, as 
the corresponding attribute ?ags are read out. In the 
example of FIGS. 4A and 4B, the attribute ?ags 31 are 
read out one after another, while the coordinate data 
sets 32 or coordinate data sets 33 are read out according 
to the ?ags 31, depending upon the stroke width data 
received from the input device 9 by the data reading 
means 42. The outline data thus read is processed as 
described below by reference to FIGS. 6 and 7. The 
processed outline data is stored in a buffer of the 
WORKING memory 6. 
When any special or intermediate stroke width inter— 

mediate between the standard stroke widths of the regu 
lar and boldface outlines is received from the input 
device 9, the coordinate data preparing means 47 oper 
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8 
ates to calculate a group of coordinate data sets, from 
the groups of coordinate data sets for the regular and 
boldface outlines stored in the CHARACTER ROM 3. 
The dot data preparing means 46 functions to prepar 

ing dot data by conversion of the outline data processed 
by the data converting means 44. The operation to 
convert character outline data into dot is well known in 
the art, as disclosed in U.S. Pat. No. 5,018,217 to Hitoshi 
Yoshida et. al., and U.S. Pat. No. 5,073,956 to Naoyuki 
Kawamoto et. al., the disclosures of which are herein 
incorporated by reference. 

Referring to the ?ow chart of FIG. 6, the operation 
of the data converting means 44 will be described.‘ Be 
fore the operation of this data converting means 44, the 
necessary printing data such as character codes and 
stroke width data have been received from the input 
device 9 and stored in the TEXT memory 5. 

Initially, step S1 is implemented to read out a charac 
ter code from the TEXT memory 5. Then, step S2 is 
executed to set an attribute ?ag pointer at the ?rst one 
of the attribute ?ags for the character designated by the 
character code. Namely, the attribute ?ag pointer is set 
at the start point ?ag “S” stored in the leading address 
of a region of the attribute ?ag storage area 22 in which 
is stored the group of attribute ?ags for the designated 
character. 

Step S2 is followed by step S3 in which the stroke 
width data stored in the TEXT memory 5 is read out. 
Step S4 is then implemented to determine, based on the 
stroke width data, whether or not the designated char 
acter is required to be printed in boldface, that is, 
whether or not the outline data for the boldface outline 
of the designated character is required. If an affirmative 
decision (YES) is obtained in step S4, step S5 is imple 
mented to set a coordinate pointer at the ?rst one of the 
coordinate data sets stored in the boldface outline data 
region 212 of the coordinate data storage area 21 of the 
CHARACTER ROM 3. In the example of FIG. 4A, 
the coordinate pointer is set at the ?rst coordinate data 
set (xbo, ybo) for the boldface outline of the character 
‘ID’! 

If a negative decision (NO) is obtained in step S4, the 
control ?ow goes to step S6 to determine, based on the 
stroke width data, whether or not the outline data for 
the regular outline of the designated character is re 
quired. If an affirmative decision (YES) is obtained in 
step S6, step 56A is implemented to set the coordinate 
pointer at the ?rst coordinate data set stored in the 
regular outline data region 211 of the coordinate data 
storage area 21. In the example of FIG. 4A, the coordi 
nate pointer is set at the ?rst coordinate data set (xro, 
yro) for the regular outline of the character “D”. 

If a negative decision (NO) is obtained in step S6, this 
means that the outline data for a special or intermediate 
outline whose stroke width is intermediate between the 
‘regular and boldface stroke widths is required. In this 
case, step S6 is followed by step S68 in which the coor 
dinate pointer is set at the ?rst one of a group of special 
coordinate data sets for the special outline designated 
by the stroke width data read in step S3. 

Steps S5, 86A and 86B are followed by step S7 in 
which the ?rst attribute ?ag "S" designated by the 
attribute ?ag pointer is read out from the attribute ?ag 
storage region 22, and is stored in the WORKING 
memory 6. Further, the attribute ?ag pointer is ad 
vanced one step to designate the next attribute ?ag “13”. 
Step S7 is followed by step S8 to determine whether the 
read ?ag is the loop end ?ag ""’ or not. In the ?rst 



5,257,344 
control cycle of the routine of FIG. 6 in which the start 
point ?ag “S” is read in step $7, a negative decision 
(N O) is obtained in step S8, and the control ?ow goes to 
step S9 to determine whether the ?ag is the outline end 
?ag “l” or not. In the ?rst control cycle, a negative 
decision (NO) is also obtained in this step S9, and step 
S10 is implemented to perform a data converting sub 
routine which is illustrated in detail in the ?ow chart of 
FIG. 7. Step S10 is followed by step S7 to read the next 
attribute ?ag. 

If the attribute flag read in step S7 is the loop end flag 
“'”, step S8 is followed by step 88a in which the attri 
bute flag pointer is advanced one step to designate the 
?rst attribute ?ag for the next closed loop of the charac 
ter outline, and the control flow goes back to step S7. 
Steps S7-S10 are repeatedly executed until an affirma 
tive decision (YES) is obtained in step S9, i.e., until the 
outline end ?ag “” is read. If the affirmative decision is 
obtained in step S9, the routine of FIG. 6 is terminated. 

Referring next to the ?ow chart of FIG. 7, the data 
converting sub-routine in step $10 will be described in 
detail. 

Initially, step S62 is implemented to determine 
whether the attribute ?ag read in step S7 is the start 
point ?ag “S” or not. If the start point ?ag “S” was read 
in step S7, then step S63 is executed to read the coordi 
nate data set (a pair of x-axis and y-axis coordinate val 
ues) of the start point of a closed loop of the character 
outline (e.g., outer loop of the character “D” of FIG. 
4A or 4B), which is currently designated by the coordi 
nate pointer. In this step $63, the coordinate pointer is 
advanced one step to designate the following coordi 
nate data set. Step S63 is followed bystep S64 in which 
the coordinate data set of the start point is processed for 
required conversions, such as conversion according to 
the selected size of the character represented by charac 
ter size data, and conversion according to the selected 
attitude (e.g., standard upright attitude, and inclined or 
italic attitude) of the character represented by the char 
acter attitude data. The character size data and charac 
ter attitude data are received from the input device 9 
and stored in the TEXT memory 5, as part of the print 
ing data. In the next step S65, the processed coordinate 
data set is stored in a coordinate data buffer of the 
WORKING memory 6. 

It will be understood that the ?rst data storage area in 
the form of the coordinate data storage area 21 of the 
CHARACTER ROM 3, the second data storage area in 
the form of the attribute ?ag storage area 22 of the 
ROM 3, and the third data storage area in the form of 
the coordinate data buffer of the WORKING memory 
6 cooperate to constitute outline data memory means 
for storing outline data representative of different out 
lines of the characters available for printing. 

If a negative decision (NO) is obtained in step S62, 
the control ?ow goes to step S66 to determine whether 
the attribute flag read in step S7 is the Bezier curve ?ag 
“B”. If the Bezier curve ?ag “B” was read in step S7, 
then step S67 is executed to read the three coordinate 
data sets (three pairs of x-axis and y-axis coordinate 
values) for the Bezier curve. Since the coordinate 
pointer was advanced one step in step $63, the coordi 
nate pointer designates the ?rst one of the three coordi 
nate data sets when step S67 is initiated. Therefore, the 
?rst coordinate data set (representative of the ?rst con 
trol point) for the Bezier curve is initially read in step 
S67. Then, the two more coordinate sets (representative 
of the second control point and end point of the Bezier 
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10 
curve) are read in step S67 by advancing the coordinate 
pointer two more steps. Finally, the coordinate pointer 
is further advanced one more step to designate the next 
coordinate data set. Thus, the coordinate pointer is 
advanced a total of three steps in step S67, according to 
the determination of the Bezier curve ?ag “B”in step 
S66. Step S67 is followed by step S68 in which the 
coordinate data sets for the Bezier curve are processed 
for required conversions as described above with re 
spect to step $64. In the next step $69, the processed 
coordinate data sets for the Bezier curve are converted 
into short-vector data, which represent coordinate val 
ues de?ning a plurality of short vectors that approxi 
mate the Bezier curve in question. Step S69 is followed 
by step S65 in which the short-vector data is stored in 
the coordinate data buffer of the WORKING memory 
6. 

If a negative decision (NO) is obtained in step S66, 
the control flow goes to step S70 to determine whether 
the attribute flag read in step S7 is the straight line ?ag 
“L”. If the ?ag “L”was read in step S7, then step S71 is 
executed to read the coordinate data set (one pair of 
x-axis and y-axis coordinate values) representative of 
the end point of the straight line. Since the coordinate 
pointer was advanced three steps in step S67, the coor 
dinate pointer designates the coordinate data set of the 
end point of the straight line when step S71 is initiated. 
Therefore, the coordinate data set in question is read in 
step S71. The coordinate pointer is then advanced one 
step to designate the next coordinate data set. In the 
next step S72, the coordinate data set of the end point of 
the straight line is processed for required conversions as 
described above with respect to step S64. Step S69 is 
followed by step S72 in which the short-vector data is 
stored in the coordinate data buffer of the WORKING 
memory 6. 

If a negative decision (NO) is obtained in step s70, an 
error is constituted in step S73, and the sub-routine of 
FIG. 7 is terminated. In this case, a suitable alarm may 
be provided. ' 
With the data converting routine of FIG. 6 including 

the sub-routine of FIG. 7 repeatedly executed until the 
outline end ?ag “! is read, the group of outline data for 
a given outline (regular, boldface or intermediate out 
line) of the designated character is processed for re 
quired conversions including the conversion to the 
short-vector data as effected in step $69. The thus ob 
tained processed outline data is temporarily stored in 
the WORKING memory 6. 
When a printing is effected by the laser-printing de 

vice 10, the processed outline data stored in the 
WORKING memory 6 is further processed by the dot 
data preparing means 46, namely, converted into the 
dot data which represents image dots which collec 
tively define the designated outline of the character. 
The prepared dot data is stored in the DOT DATA 
memory 7, from which the dot data is supplied to the 
laser-printing device 10, so that the image dots are 
formed according to the dot data, so as to form the 
designated character outline, in the selected size and 
attitude. 

Referring next to FIGS. 8 and 9, there will be de 
scribed the operation of the coordinate data preparing 
means 47 which is constituted by the CPU 2 and the 
PROGRAM ROM 4. As described above, the coordi 
nate data preparing means 47 operates to prepare a 
group of special coordinate data sets for an intermediate 
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outline whose stroke width is intermediate between the 
regular and boldface stroke widths. 

In FIG. 8, the regular and boldface outlines of char 
acter “D”are illustrated such that the regular outline 34 
indicated in solid line is disposed within the boldface 
outline 35 indicated in dashed line, with the center of 
the stroke width of the outline 34 aligned with that of 
the stroke width of the outline 35. An intermediate 
outline 36 whose stroke width is intermediate between 
the widths of the regular and boldface outlines 34, 35 is 
indicated in two-dot chain line in the fragmentary en 
larged view of FIG. 9. When this intermediate outline 
36 is prepared, the coordinate data preparing means 47 
calculates the x-axis and y-axis coordinate values of 
each point de?ning the intermediate outline 36, accord 
ing to the following equations (1) and (2): 

ymi=yri+0.0lK(ybi-yn') (2) 

where, 
xri, yri: coordinate values of the regular outline, 
xbi, ybi: coordinate values of the boldface outline, 
xmi, ymi: coordinate values of the intermediate out 

line, 
K: Stroke width coefficient. 
The stroke width coef?cient K is equal to “0 ”for the 

regular outline 34, and equal to “100” for the boldface 
outline 35. That is, the coef?cient K represents a per 
cent of a difference between the widths of the boldface 
and regular outlines 35, 34, which difference is added to 
the width of the regular outline 34, to obtain the width 
of the intermediate outline 36. The stroke width coeffi 
cient K therefore determines the width of the intermedi 
ate outline 34, and is larger than “0” and smaller than 
lllw9’. 
For example, when the width of the intermediate 

outline 36 is equal to the sum of the width of the regular 
outline 34, and 40% of the difference between the 
widths of the regular and boldface outlines 34, 35, the 
x-axis and y-axis coordinate values xmo and ymo of a 
point Q of the intermediate outline 36 are calculated 
according to the following equations (3) and (4): 

Details of the manner of preparing such intermediate 
outline are disclosed in Japanese Patent Publication No. 
63-6874 (published on Feb. 12, 1988). 
While the present invention has been described in 

detail in its presently preferred form with a certain 
degree of particularity, it is to be understood that the 
invention is not limited to the details of the illustrated 
embodiment, but may be embodied with various 
changes, modi?cations and improvements, which may 
occur to those skilled in the art, without departing from 
the spirit and scope of the invention de?ned in the ap 
pended claims. 
For instance, the CHARACTER ROM 3 may be 

adapted to store groups of coordinate data sets for any 
other standard outlines of each character, in addition to 
those for the regular and boldface outlines. 
While the CHARACTER ROM 3 has the coordinate 

data storage area 21 and the attribute flag storage area 
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22, the coordinate data and the attribute flags are stored 
in respective read-only memories. _ 
The illustrated embodiment takes the form of the data 

processing apparatus incorporated in the control device 
for the laser printer, the principle of the present inven 
tion is equally applicable to a data processing apparatus 
for other types of printer, and to any other output de 
vices such as a display device, which are capable of 
outputting characters according to character codes 
received from suitable input means such as a keyboard 
and an external device (e.g., host computer). 
What is claimed is: 
1. A data processing apparatus for processing a batch 

of outline data representative of outlines of a plurality of 
characters each consisting of at least one stroke, each of 
said outlines consisting of a plurality of segments which 
consist of at least one straight line and/or at least one 
curved line, said apparatus including outline data mem 
ory means for storing said batch of outline data, each of 
said segments being represented by coordinate data sets 
representative of coordinate values which de?ne each 
said segment, and attribute ?ags indicative of whether 
each said segment is a straight line or a curved line, 
wherein the improvement comprises: 

said outline data memory means including a ?rst 
storage area storing a plurality of groups of coordi 
nate data sets for respective different outlines of 
each character which de?ne respective different 
stroke widths of said each character, and a second 
storage area storing a common group of attribute 
flags common to said plurality of groups of coordi 
nate data sets. 

2. A data processing apparatus according to claim 1, 
further including: 

character designating means for designating one of 
said plurality of characters; 

stroke width designating means for designating one of 
said different stroke widths of the character desig 
nated by said character designating means; and 

?rst data converting means for reading from said ?rst 
storage area of said outline data memory means one 
of said groups of coordinate data sets for the char 
acter designated by said character designating 
means, which one group of coordinate data sets is 
designated by said stroke width designating means, 
said ?rst data converting means further reading 
from said second data storage area said common 
group of attribute flags for said character desig 
nated by said character designating means, said 
?rst data converting means converting said one 
group of coordinate data sets into dot data repre 
sentative of image dots which collectively de?ne 
the character outline designated by said character 
designating means and said stroke width designat 
ing means. 

3. A data processing apparatus according to claim 2, 
wherein said ?rst data converting means comprises: 

second reading means for reading one after another 
from said second data storage area of said outline 
data memory means attribute flags of said common 
group of attribute ?ags for the character desig 
nated by said character designating means; and 

?rst reading means for reading from said ?rst data 
storage area of said outline data memory means one 

_ or a plurality of coordinate data sets of said one 
group of coordinate data sets designated by said 
character designating means and said stroke width 
designating means, when each of said attribute 
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?ags of said common group of attribute ?ags is 
read by said ?ag reading means, the number of said 
coordinate data sets to be read being determined by 
said each attribute ?ag read by said ?ag reading 
means. 

4. A data processing apparatus according to claim 3, 
wherein said second reading means comprises: 

an attribute ?ag pointer for specifying an address in 
said second data storage area at which the attribute 
?ag to be read next is stored; 

?ag reading means for reading the attribute ?ag from 
the address speci?ed by said attribute ?ag pointer; 
and 

attribute ?ag pointer control means, operable when 
one of said plurality of characters is designated by 
said character designating means, for causing said 
attribute ?ag pointer to specify a leading address of 
a region of said second data storage area in which 
is stored said common group of attribute ?ags for 
the character designated by said character desig 
nating means, said attribute ?ag pointer control 
means advancing said attribute flag pointer one 
step to specify the following address of said region, 
each time the attribute ?ag is read. 

5. A data processing apparatus according to claim 3, 
wherein said ?rst reading means comprises: 

a coordinate pointer for specifying an address in said 
?rst data storage area at which the coordinate data 
set to be read next is stored; 

coordinate reading means for reading the coordinate 
data sets from the address speci?ed by said coordi 
nate pointer; and 

coordinate pointer control means, operable when one 
of said plurality of groups of coordinate data sets is 
designated by said character designating means and 
said stroke width designating means, for causing 
said coordinate pointer to specify a leading address 
of a region of said ?rst data storage area in which 
is stored said one group of coordinate data sets, said 
coordinate pointer control means advancing said 
coordinate pointer at least one step to specify the 
following addresses of said region, the number of 
said at least one step being determined by each said 
attribute ?ag read by said second reading means. 

6. A data processing apparatus according to claim 2, 
wherein said ?rst data converting means comprises: 
an attribute ?ag pointer for specifying an address in 

said second data storage area at which is stored an 
attribute ?ag to be read next of said common attri 
bute ?ag data set of the character designated by 
said character designating means; 

?ag reading means for reading the attribute ?ag from 
the address speci?ed by said attribute ?ag pointer; 

attribute ?ag pointer control means, operable when 
one of said plurality of characters is designated by 
said character designating means, for causing said 
attribute ?ag pointer to specify a leading address of 
a region of said second data storage area in which 
is stored said common group of attribute ?ags for 
the character designated by said character desig 
nating means, said attribute ?ag pointer control 
means advancing said attribute ?ag pointer one 
step to specify the following address of said region 
of said second data storage area, each time the 
attribute ?ag is read. 

a coordinate pointer for specifying an address in said 
?rst data storage area at which is stored a coordi 
nate data set to be read next of said one group of 
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14 
coordinate data sets designated by said character 
designating means and said stroke width designat 
ing means; 

coordinate reading means for reading the coordinate 
data sets from the address speci?ed by said coordi 
nate pointer, the number of said coordinate data 
sets to be read being determined by said each attri 
bute ?ag read by said ?ag reading means; and 

coordinate pointer control means, operable when one 
of said plurality of groups of coordinate data sets is 
designated by said character designating means and 
said stroke width designating means, for causing 
said coordinate pointer to specify a leading address 
of a region of said ?rst data storage area in which 
is stored said one group of coordinate data sets, said 
coordinate pointer control means advancing said 
coordinate pointer at least one step to specify the 
following addresses of said region of said ?rst data 
storage area, the number of said at least one step 
being determined by each said attribute ?ag read 
by said ?ag reading means. 

7. A data processing apparatus according to claim 2, 
further ' including second data converting means for 
converting at least a part of said one group of coordi 
nate data sets read from said ?rst storage area of said 
outline data memory means, into short-vector data, 
before said one group of coordinate data sets is con 
verted into said dot data. 

8. A printer including a data processing apparatus as 
de?ned in claim 7, and a printing device for effecting 
recording on a recording medium, according to said dot 
data. 

9. A printer according to claim 8, further comprising 
input ‘means for inputting character codes representa 
tive of said plurality of characters, respectively, said 
input means serving as said character designating 
means. 

10. A data processing apparatus for processing a 
batch of outline data representative of outlines of a 
plurality of characters each consisting of at least one 
stroke, each of said outlines consisting of a plurality of 
segments which consist of at least one straight line and 
/or at least one curved line, each of said segments being 
represented by coordinate data sets representative of 
coordinate values which de?ne each said segment, and 
attribute ?ags indicative of whether each said segment 
is a straight line or a curved line, said apparatus com 
prising: 

outline data memory means storing said batch of 
outline data, said outline data memory means in 
cluding a ?rst storage area storing a plurality of 
groups of standard coordinate data sets for respec 
tive standard outlines of each character which 
de?ne respective different standard stroke widths, 
and a second storage area storing a common group 
of attribute ?ags common to said plurality of 
groups of coordinate data sets; 

special stroke width designating means for designat 
ing a desired stroke width of each character; and 

coordinate data preparing means for obtaining, from 
said plurality of groups of standard coordinate data 
sets, a group of special coordinate data sets repre 
sentative of an outline of said each character hav 
ing said desired stroke width designated by said 
special stroke width designating means, and 

said outline data memory means further including a 
third data storage area for storing said group of 
special coordinate data sets, in ‘relation to said com 
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mon group of attribute ?ags stored in said second 
data storage area. 

11. A data processing apparatus according to claim 
10, wherein said respective standard outlines of each 
character consist of a regular outline de?ning a regular 
stroke width, and a boldface outline de?ning a boldface 
stroke width larger than said regular stroke width, said 
special stroke width designating means designating an 
intermediate stroke width between said regular stroke 
width and said boldface stroke width, said coordinate 
data preparing means obtaining said group of special 
coordinate data sets representative of a characterout 
line de?ning said intermediate stroke width, based on 
the coordinate data sets representative of said regular 
outline and said boldface outline. ' 

12. A data processing apparatus according to claim 
10, further comprising: 

character designating means for designating one of 
said plurality of characters; 

standard stroke width designating means for desig 
nating one of said different standard stroke widths 
of the character designated by said character desig 
nating means; and 

data converting means, operable when one of said 
different standard stroke widths is designated by 
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said standard stroke width designating means, for 
reading from said ?rst data storage area of said 
outline data memory means one of said plurality of 
groups of standard coordinate data sets of the char 
acter which is designated by said character desig 
nating means, which one standard coordinate data 
set is designated by said standard stroke width 
designating means, and from said second data stor 
age area said common group of attribute ?ags of 
said character designated by said character desig 

' nating means, said data converting means being 
further operable, when said desired stroke width is 
designated by said special stroke width designating 
means, for reading from said third data storage area 
said group of special coordinate data sets desig 
nated by said character designating means and said 
special width designating means, and from said 
second data storage area said common attribute 
?ag data set designated by said character designat 
ing means, said data converting means converting 
said one group of standard coordinate data sets and 
said group of special coordinate data sets into dot 
data. 
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